encourage talented middle school girls to persist in taking college-bound courses in math, science, and computer science through high school. It was our conjecture that some of these well-prepared girls would later become creative future IT workers.
We have undertaken a longitudinal study of approximately 200 girls who were enrolled in the NSF funded 1999-2001 Girls on Track program, with the goal of creating a model of persistence of these young women into IT careers.
This study is now in its seventh year. In this chapter, we present our somewhat surprising findings. It would appear that talented young women, though prepared and able, are not choosing to pursue IT careers. We suggest some ways the thinking about IT may need to change to encourage broader career-level participation.
B A C K G R O U N D
The demand for information technology workers is projected to surpass demand for all other occupations through 2012 (Sargent, 2004 ), yet overall enrollments in IT-related fields continue to decline (Zweben, 2005) . The percentage of women in IT has also continued to decline (Malcom, et. al, 2005; Vesgo, 2005) . The reasons for this are not well understood, although the "dot-com bubble" deflation in the 2000 may play a part (Malcom, et. al, 2005) . In recent years, the achievement gap in mathematics and science has been closing as more women select advanced courses in high school science and mathematics (National Science Board, 2000) . However, enrollments of young women in computer science courses and advanced placement (AP) exams in high school continue to remain low (Freeman & Cuny, 2005; CCAWM, 2000; AAUW, 2000) .
Some researchers examine girls' experiences from the middle grades to high school for the root causes of women's under-representation in IT. For example, Freeman and Aspray (1999) note that girls have less experience with computers and perceive IT-related work to be solitary and competitive, requiring long hours and unsafe working environments. During this age range, many girls become more involved in extra-curricular activities and take less rigorous courses (Kerr, 1997) . At the same time, girls lower their career aspirations between the middle grades and high school (Kerr, 1997), through choosing less competitive careers and post-secondary institutions.
Since the rigorous preparatory courses for prestigious fields, including courses in advanced math, science, and technology, are often filters for technical fields, these factors may have a strong influence on women's participation in IT. Our previous findings indicate that parental influence may also be a strong factor in girls' choices (Howe, Berenson, & Vouk, 2005) . Reasons a sample of interviewed girls gave for this low CS enrollment in high school include: a) a lack of interest in computer science, b) computer science was not an advanced or advanced placement (AP) class (and therefore also provided no extra GPA points), c) students had no room in their schedules of other advanced classes, d) computer science is not a college entrance requirement, and e) some students preferred other electives, such as music or medical academy. These successful young women are willing to work hard, but do not wish to be bored by the work, and as these reasons for avoiding CS classes show, they wish to enroll in courses which show clear evidence of advancing them toward college entrance requirements.
G I R L S O N T R A C K : I N S I G H T S
These results show both positive and negative aspects. High achieving girls continue to enroll in advanced math courses, and are motivated to learn and to find a career that will be both interesting and beneficial to society. In-depth interviews with 30 high school girls revealed that more than half have no image or have incorrect images about "computer science" careers.
Some perceive "computer science" as the use of tools such as spreadsheets and databases rather than the design and development (creation) of tools, and the repairing of hardware rather than the engineering of hardware. The creative and inventive benefits of IT careers were hidden from these girls.
Parents are a powerful influence in these girls' lives: two-thirds of the young women we interviewed attribute their academic success to their parents. Many of the young women have parents working in the IT industry yet had little to no idea what their parents' work really involved. For those who were more informed about IT careers, more than 20% commented that work with computers required too much time while nearly the same number stated that they did not want to work in a cubicle environment.
One young woman who planned to pursue an IT career spoke positively of her father's IT career in a large company acknowledged for its campuslike, worker-centered environment. This lead us to conjecture that parents' workplace experiences and attitudes may be an important factor in high achieving girls' decisions (not) to pursue IT careers. One possible way to counter these effects would be to provide computer science and engineering experiences that engage girls in inventing, rather than simply using the technology.
The girls in our Girls on Track program exhibited an enthusiastic view towards information technologies while in middle school. However, in our follow-up Women and Information Technology study we found few of these same young women interested in high school computer science courses 2-4 years later. None of these high achieving young women have yet elected IT concentrations in college. Yet 75% of the young women in these longitudinal studies take calculus before high school graduation. On the other hand, the study is not over yet. We do not know whether, once they finish the college, these girls who are certainly capable of succeeding in IT careers, may still choose to re-enter IT career paths laterally.
A parallel study at North Carolina State University, Pair Programming and Agile Software Development, is a pedagogical intervention to increase face-to-face collaboration in an upper level software engineering course.
Interviews with young college women taking this course revealed that the instructional interventions of pair programming and agile development methods saved time, an important value for them (Berenson, Slaten, et. al, 2004) . Examining the transcripts of the high school girls' interviews for evidence of the "time" theme, we found that some believed that computer science careers demanded too much time, based on their observations of their parents' career experiences in IT and their observations of high school computer "boy geeks".
Having "enough time" for other activities was not an issue for these same girls while in middle school. This difference implies that young women place more value on time and on having freedom to engage in several activities as they mature. This suggests that long hours of university study combined with 
F U T U R E T R E N D S
A balanced inclusion of women and men into IT should introduce new innovations and improved working conditions for all IT workers (CCAWM, 2000) . This balance should also provide the peer support that is particularly needed in recruiting and retaining women in IT (Cohoon, 2005) , and should lead to increased opportunities for leadership and full participation (Blum & Frieze, 2005) .
However, to achieve this balance, substantial changes may need to be made in the culture and perceptions of IT from within, such as those changes made at Carnegie Mellon University in recent years (Blum & Frieze, 2005) .
University admissions criteria, advanced placement courses should emphasize the creative and problem-solving aspects of IT, and shift away from a focus on programming (Malcom, et. al, 2005) . In addition, introductory IT/CS courses should de-emphasize programming and provide a broader view of IT/CS. In order to achieve this goal, it may be necessary to foster IT/CS education programs to prepare teachers and students for new ways of teaching and learning IT/CS concepts and skills, including pair programming and agile software development practices (Berenson, Williams, et. al, 2005) .
Professional experiences, including mentoring and opportunities for early exposure to real IT applications and careers, should be made available to all students.
C O N C L U S I O N
Providing all U.S. citizens with the "opportunity to gain the skills and knowledge to compete" in the IT workforce will enable the U.S. to remain competitive on a global scale (Malcom, et. al, 2005, p. 20) . Creativity and innovation, which require a much higher level of preparation, are key in our nation's ability to compete. The participation of women and underrepresented minorities will ensure a diversity of perspective that can enrich the quality of innovation in IT.
Findings from our Girls on Track and Women in Technology studies indicate that, although girls are participating to a greater degree in advanced mathematics preparation, high achieving girls are not enrolling in IT/CS courses or choosing IT careers. To recruit these talented girls, we believe it will be necessary to make substantial changes in the culture of IT, including both perceptions and education. Respecting the values of young women and other nontraditional populations, including the need for time for life outside of work, while also maintaining high standards and emphasizing the problemsolving and creative aspects of the field, can make broad improvements in working conditions, diverse participation, and innovation in IT.
